Oscillatory bound-tcontinuum emission from vibrational levels v' =0-6 of the B( 22f) state of InAr onto the repulsive walls of the Xi ( 2111,2), X2(211s,2), and A (22+) electronic states, has been measured. In the B(2Zc+) +X1 (21111,2) spectrum, the intensity extrema have been associated with particular extrema and nodes of the radial wave functions of the emitting levels, and the resulting phase vs energy information directly inverted to yield a pointwise potential for the Xi ( 211 i12) state. Analysis of the observed peak heights then showed that on the range 2.9-3.8 A the associated transition moment function is constant. The overlapping of the B(22+) +X2(21113,2) and B(22f) -+A (2zC_f) spectra prevents application of the above inversion procedure, but reliable estimates of these two final-state potentials were obtained by matching quantum mechanical simulated spectra with experiment. The simulations also showed that the transition moment functions associated with all three transitions are of approximately equal strength.
I. INTRODUCTION
Although continuum absorption or emission spectra have long been observed in molecular spectra, the use of such data to determine potential energy curves and transition moment functions is still not common. While the underlying theory has long been known'P2 and methods for inverting or fitting to such data have been reported,3-5 a bottleneck seems to have been the lack of generally accessible computer programs for inverting, or simulating and fitting to such data. However, this need has been addressed in recent years. '-' The present paper presents an application of some of these techniques314 to new oscillatory continuum emission data obtained for InAr.
A recent paper has reported the observation and analysis of visible fluorescence excitation and emission spectra of the molecules InAr, InKr, and InXe formed when metal vapor produced by laser vaporization undergoes a supersonic expansion driven by a large backing pressure of the corresponding rare gas.g While not rotationally resolved, vibrational progressions associated with the B( 2E+ )-X1 ( 2111,2) and B( 2Z+)-X2( 2113,2) electronic transitions were identified and assigned. The numbers of vibrational levels observed for the various states ranged from six to twenty, and in all cases the vibrational spacings were (within the experimental uncertainties) found to be linearly decreasing functions of the vibrational quantum number v. This indicates that over the ranges of energy associated with the observed levels, the wells of the associated potential energy curves may be reasonably represented by Morse functions, since the vibrational level spacings of Morse potentials are precisely linearly decreasing functions of v." The associated analysis then determined the dissociation energies and other parameters of the Morse functions representing the potential wells of the Xi(211i,2), X2(2113/2>, and B(22+) states of these SYStems.g For the InAr system, the present paper presents extensions of the B-X, and B-+X, spectra of Ref. 9 into the regions above the final-state dissociation limits where the emission from a given vibrational level of the B(22+) state becomes an oscillatory continuum whose intensity minima correlate with the nodes of the initial-state vibrational wave function. These spectra are analyzed and inverted using the methods of Refs. 3 and 4 to determine the repulsive walls of the final-state potentials and the associated transition moment functions. This information is combined with the results obtained from the discrete spectra to yield an improved description of the overall potential energy curves for this system.
In the following, we begin by describing the nature of the InAr system and presenting an outline of the approach to be used in its analysis. Section III then describes the experimental methodology and results. Finally, Sec. IV describes the analysis and presents our recommended potential energy curves for InAr.
II. NATURE OF THE PROBLEM
The relevant potential energy curves for InAr are schematically illustrated in Fig. 1 . The Xi (2111,2) state dissociates to yield two ground state atoms, while both the attractive X2( 2rl[3,2) and repulsive A ( 2Z+) states dissociate to a ground state Ar atom plus a spin-orbit excited In( 2P3,2) atom, and the B(28f) state correlates with ground state Ar and the 2S1,2 first excited state of In. The discrete spectra reported in Ref. 9 consist of fluorescence excitation transitions from the lowest vibrational levels of the X1 and X2 states into levels v' =0-7 of the B(22+) state, plus dispersed fluorescence emission from those Bstate levels into levels v"=O-5 of the Xi and X2 states. Because of uncertainties regarding the vibrational assignments, the dissociation energies reported in Ref. 9 had relatively large uncertainties. However, the present analysis of the structured continuum has confirmed those assignments and reduced the uncertainties considerably.
The spectroscopic and potential function parameters yielded by the analysis of Ref. 9 are summarized in Table  I . For the Xi and X2 states, the listed o, and D, values are those of Ref. 9, but the ape values were adjusted slightly to make them consistent with the assumption of a Morse potential defined by these first three parameters; however, these changes are much less than the reported uncertain- Table I . However, combining the three well depths with the observed band origins To (see Table I ) and the accurately-known" atomic level spacings which define the separations of the asymptotes of these potentials points out an apparent contradiction. If the Xi and B-state potential wells are separated by the indicated To value, the B-state well depth of 418 cm-' would place its dissociation limit -100 cm-' above the asymptote implied by the ground state well depth and the atomic level spacings. Indeed, the highest observed B-state level (v' = 7) would lie slightly above this asymptote, while the spectroscopic constants imply that the vibrational energy derivative there (dG/dv) is -28 cm-'. These results can be explained in two ways, either our estimates of the Xi and X,-state well depths are too small by -100 cm-', or the B(2X+> state has a barrier at long range which protrudes above the potential asymptote.i2 In view of the relatively short extrapolation from the highest observed Xl and X,-state levels to dissociation, the latter seems most likely, and this interpretation is adopted here. It is important to realize, however, that this conclusion has no bearing at all on the shape or radial position of the B-state potential well over the range of the observed levels (v' =0-7). Thus, over this range the Morse function model defined by the parameters listed in Table I Table  I ).'3 For the Xl (2111,2) state, the value in Table I by simulating the intensity profile of the discrete fluorescence emission spectrum and varying the relative displacement to optimize the agreement with experiment. For the X2(211s,2) state the displacement determined in that way proved to be only 0.08 A in error, so the resulting estimate of R,(X,) =4.19 A should be accurate to well within the AO.2 A displacement uncertainty reported in Ref. 9 . The data reported in the present work consist of oscillatory continuum emission from vibrational levels of the B(28f) state onto the repulsive walls of the Xi, X2, and A-state potentials. If the model for the shape of the B(28+)-state potential well is correct, the methods of Refs. 3 and 4 should allow this information to be converted into accurate knowledge of the rel%rlsive Walls of the-three low lying final-state potentials. In spite of the uncertainties reported above, the B(28+)-state is probably the one whose potential well shape is most accurately determined by the results of Ref. 9. As a result, in the present work it is treated as exactly "known," and our objective is to determine the repulsive final-state potentials and transition moment functions from the emission continua, and to combine the former with the Xi and X,-state information reported in Ref. 9 to obtain the best possible overall set of potential curves for these systems. As we will see below, this will require modification of the X1 and X,-state potential well parameters reported in Ref. 9.
III. EXPERIMENTAL METHODOLOGY AND RESULTS
The molecular beam apparatus and metal vapor source are similar to those used in Ref. 9 . Indium atoms are produced by laser vaporization of an indium metal rod using the third harmonic of a Hyper Yag Lumonics HY 400 laser. Argon carrier gas is mixed with the metal vapor and pulsed through a 200 ,um nozzle into a vacuum. Discrete B+X, and B+X2 vibronic transitions of InAr were then excited by a dye laser (Hyper dye 300) which crosses the beam 5 cm downstream from the nozzle and was tuned to excite one B-state vibrational level at a time. On tuning the dye laser to a given vibronic band, a scanning monochromator (SA Inc. H20, resolution 4 nm/mm) was used to disperse and collect the scattered light as a function of emission wavelength. Both the fluorescence excitation and dispersed emission spectra were recorded using a Hamamatsu R943-02 photomultiplier tube. The spectra have not been corrected for the wavelength dependence of the quantum efficiency of the photomultiplier tube, nor for the wavelength dependence of the collection and transmission efficiency of the detection optics and monochromator.
We have observed bound -, free emission originating in the seven B( 28+)-state vibrational levels u' =0-6. Overviews of these spectra are presented in Fig. 2 , while Figs. 3 and 4 show on an expanded scale the emission from the u'= 1 B-state level associated with final-state energies near the X1 and X,-state potential asymptotes, respectively. All of the spectra in Fig. 2 may clearly be divided into two segments. Each consists of a series of increasingly broad peaks lying to the red of a narrow peak at (relatively) short wavelength associated with scattered light from the exciting laser line, resonance radiation from the In( 6s 2S1j2) atom, plus transitions to bound levels of the 211 states. The spectral features at wavelengths shorter than 447 nm are due to emission into the X1 ( 2111,,2) state, while those at longer wavelengths are associated with emission into the X2( 211,,2) and A ( 28+) states.
The B( 28+) +X1 ( 2111,2) emission spectra are almost textbook examples of "Condon reflection" spectra, in which the continuum intensity extrema correspond to mappings of the radial positions of the extrema and nodes of the initial-state vibrational wave function onto the energy axis, via the repulsive wall of the final-state potentia1.5~10,14*15 Ignoring the narrow sharp features associated with the exciting line, the number of intensity minima equals the vibrational quantum number of the emitting level, while the increase in peak width with emission wavelength is a direct reflection of the increasing slope of the final-state potential at shorter internuclear distances. These observations confirm the B-state vibrational assignments for InAr made in Ref. 9 and consequently reduce the uncertainty in the D, values reported there. The frequencies associated with the positions of the intensity extrema in the B+X1 spectra are listed in Table II , together with the energies of the emitting levels (relative to the ground state dissociation limit). They are the basic input information for the inversion procedure which will be used to determine the repulsive part of the X,-state potential. The experimental uncertainties in these extrema positions are estimated to be -& 10 cm-' for the narrowest peaks in each spectrum, and to increase linearly with the separation between neighboring extrema.
On combining of the results in Table II with the molecular parameters in Table I and the known" atomic level energies, we see that the highest-frequency intensity maximum associated with emission from each of levels u' = 4-6 lies below the X,-state dissociation threshold, and hence corresponds to an envelope of unresolved discrete transitions. Within the dissociation limit uncertainty, the second U' =6 intensity extremum (a minimum) may lie in this region too. However, when the density of vibrational states is taken into account, the oscillator strength is a continuous function of energy at a dissociation threshold.1G18 Thus, the Condon reflection behavior may be expected to TABLE II. Emission frequencies associated with the intensity extrema of the B('B+,v') +X1 (2K11,2) spectra seen in Fig. 2 , and the energies E(d) of the emitting levels relative to the ground state X1(2B1,2) dissociation limit, all in cm-'. extend below dissociation as long as the density of vibrational levels is sufficiently high to allow the positions of the extrema of the intensity envelope to be accurately determined. This is true in the present case, since the experimental resolution of -2 nm associated with the dispersed emission spectra of Figs. 2-4 would prevent most groundstate vibrational spacings from being resolved. The emission features seen on the right-hand side of Fig. 2 at wavelengths longer than 447 nm are due to emission into the X2(2113,2) and A (22f) states, which share a dissociation limit lying some 2212 cm-' above that of the ground Xi ( 2111,2) state. Unfortunately, the overlapping of these spectra means that the numbers of observed intensity extrema are no longer simply related to the vibrational quantum number of the emitting level. This prevents unique assignment of the various intensity extrema, which in turn prevents application of the direct inversion procedure of Ref. 4 to these data. However, the available information still permits us to successfully model the main features of these longer wavelength spectra, and hence to obtain estimates of the A(2E+)-state potential and the repulsive part of the X2( 2111,,2)-state curve.
IV. ANALYSIS
A. Inversion of the /3(28+)-+X,(211,,,) spectra Reference 4 presented a semiclassical Rydberg-KleinRees (RKR)-like inversion procedure for determining a repulsive potential energy curve from an oscillatory absorption or emission continuum originating in a single vibrational level of a known initial-state potential. The method is based on Hunt and Child's uniform harmonic approximation for bound-free overlap integrals. I4 Its application requires a unique mapping of the positions of the observed intensity extrema onto the (known) values of the dimensionless distance coordinate associated with the nodes and extrema of the harmonic oscillator wave function whose vibrational quantum number matches that of the emitting level. This condition is certainly satisfied here, since the shorter wavelength ;1< 447 nm spectra in Fig. 2 clearly reflect the appropriate wave function behavior. The present application of the method of Ref. 4 was based on use of the computer program of Ref. 7, so computational details will be discussed only insofar as they affect our particular application.
It was mentioned earlier that the shortest-wavelength intensity extremum for emission from each of B-state levels v'=4-6 lies at energies below the final-state dissociation threshold. In addition, the wave function at the outer turning point for initial-state level v' = 3 maps onto final state at energies below this asymptote. However, the essential condition for the validity of the method of Ref. 4 is that there exist only one momentum-conserving transition point lying between the turning points of the initial-state level,4"491g and it is still satisfied. A more readily visualized sufJicient condition for the validity of this method is that the finalstate potential must be purely repulsive in the region between the classical turning points of the discrete initialstate level. The latter condition is clearly satisfied for the model potentials of Table I, since they imply that the outer turning point for the u' =6 level of the B state lies at -4.1 A, which is smaller than the Xi-state equilibrium distance. Thus, we conclude that it is valid to apply the method of Ref. 4 to the data presented in Table II . Throughout the present work, the position and shape of the relevant portion of the potential energy curve for the B(21Zf) initial state was assumed to be accurately described by the Morse function parameters given in Table I . The fact that this potential has a barrier which protrudes above its asymptote has no effect on the present analysis.
The calculations begin by smoothing over the intensity extrema positions to determine a continuous relationship between the final-state energy and the associated harmonic oscillator phase of the initial vibrational wave function. To this end, the intensity extrema associated with the emission spectra were fitted to polynomials in the harmonic oscillator phase variable c. The v' = 1 emission spectrum has (see Fig. 3 ) only three extrema, and for either a linear fit or quadratic interpolation through these phase data, the resulting inverted potential segment was in relatively poor accord with the results generated from the higher-v' spec- tra (see below). For this reason, results obtained from the v' = 1 spectrum were not used in defining our recommended repulsive Xi ('II ,J -state potential, though they are listed in Table III for the sake of completeness.20 For v'=O there exists only one intensity extremum, so no energy-dependent phase relationship may be inferred and the inversion method of Ref. 4 is not applicable. For v')3 the inversions were based on fitting cubic functions of c to the intensity extrema data, while for v' =2 a quadratic fit was used because it yielded results more consistent with those obtained for higher v'.
Application of the inversion procedure of Refs. 4 and 7 to the data of Table II yielded the sets of final-state repulsive wall turning points listed in Table III . As was pointed out above, most of the results yielded by the v' = 1 spectrum are qualitatively inconsistent with the others; thus, they were excluded from further consideration. Similarly, the results for v'=6 seem discordant with the others, particularly at distances shorter than 3.24 A where they lie distinctly above those yielded by the other spectra. However, the results for the higher vibrational levels are expected to be increasingly sensitive to the eventual breakdown of the Morse approximation for the shape of the B-state potential, and they are also increasingly dependent on intensity extrema lying below the final-state dissociation threshold. For these reasons, it seemed prudent to omit the v'=6 results from our efforts to determine an optimum estimate of the Xl-state repulsive potential.
A final consideration concerns the portion of the Xistate repulsive potential wall lying below the dissociation threshold (i.e., at negative energies). In all cases, the low energy end of the inverted potential is defined by extrapolating the phase information to determine the final-state potential energy at the outer turning point of the initialstate level. However, for 04, the last (highest frequency) intensity extremum which defines this extrapolation is actually an unresolved envelope of discrete transitions. It is therefore not surprising (see Table III ) that the inverted potential points associated with different v' spectra become most discordant at negative energies. For this reason, inverted potential points lying below the X,-state potential asymptote were also omitted from further consideration.
The "pruning" of the inversion results described above leaves us with the 76 positive energy turning points for v' =2-5 seen in Table III ; they are plotted in Fig. 5 (solid points). The next step is to combine them to obtain a "best-estimate" Xi-state repulsive wall, and to reconcile that result with the Morse function for the attractive well of this potential curve defined by the parameters in Table I . This task was addressed in two stages. First of all, these turning points were fitted to a simple exponential function, a form chosen in order to avoid imposing any preconceptions. Since the raw output of the inversion procedure consists of turning points at particular final-state energies, the uncertainties in these calculated turning points should be approximately equal. As a result, the weight given to each turning point energy was proportional to the inverse square of the slope of the potential at that point.
The resulting three-barameter fit to these turning -----Morse (Table I) 
where the reference length 3.77 A is introduced as a matter of computational convenience. This function is plotted as the solid curve labeled "Exp(fit)" seen in Fig. 5 . The dotdash curve there labeled "Morse (Table I) " is the original Morse potential for this state,' as defined by the parameters given in Table I . The contrast between the two shows that the relative radial position of the latter is somewhat inconsistent with the repulsive wall yielded by our inversion of the oscillatory continuum emission data. However, this is not surprising, since as was pointed out in Sec. II, the relative radial positions of the Xi and B-state potentials were determined indirectly, and had a substantial uncertainty of -ho.2 A.
In an effort to reconcile the present results with those of Ref. 9, we also performed least-square fits of these inverted turning points to Morse functions, using the same weighting scheme. A fit which held D, and fi fixed at the values listed in Table I yielded R,=4.22 A and had a standard error of 12.8 cm-', which is a factor of -2.5 smaller than that associated with the original Morse function of Table I , but significantly higher that that for the fit which yielded Eq. (2). A second Morse function was then determined from a two-parameter fit which held only D, fixed at the value given in Table I . This fit had a standard error of only 10.2 cm-' and yielded /3=1.16 A-' and R,=4.27 A, values well within the uncertainties of those reported in Table I . The repulsive wall of the resulting potential, labeled "Morse(fit) " and drawn as a dashed curve in Fig. 5 , is clearly in excellent agreement with the function defined by Eq. (2) (solid curve). A third fit which allowed all three Morse parameters to vary yielded TABLE IV. For the B(*E+) +X1 ('II,,,) spectra of Figs. 2 and 3 , measured heights of the observed intensity maxima (labs, in arbitrary units), and the corresponding peak heights (leatc) and R, values associated with spectra calculated (Ref. 6) using the final-state potential of Eq. (3) and an assumed transition moment function of M(R) =O.l D. Table I ), and would place this asymptote below the highest observed vibrational level. For ground state atoms, the long-range dispersion energy is necessarily attractive, so it is extremely unlikely that this state could have a repulsive barrier at large R. In view of the modest improvement in the quality of fit obtained on allowing D, to vary, it seems clear that this result is an artifact. Thus, the recommended Morse function model for the X, ( 211 1,2) state of InAr is that obtained from the two-parameter fit.
In conclusion, therefore, our inversion of the shorterwavelength ;1< 447 nm portions of the oscillatory continuum spectra has yielded a repulsive wall for the X, ( 2111,2) state of InAr, which in the region 2.9 5 R 5 3.7 A is accurately represented by either the exponential function of Eq. (2) or the Morse function (with energy in cm-' and distance in A),
The o, value implied by this latter function is slightly ( -4%) smaller than that reported in Ref. 9, but lies well within the reported error bounds, as is the change in the value of R,. Thus, for the X1 ( 2111,2) state, slight changes in the Morse parameters of Table I (within the reported' uncertainties) are all that is required to obtain excellent agreement with the present emission continua. However, the uncertainty of -ho.01 A in the relative wall position yielded by the present analysis is more than an order of magnitude smaller than that associated with the earlier work. This is an impressive illustration of the utility of oscillatory continuum data. where IobS(vm,,) is the height of the observed intensity maximum at frequency vmax, lzl$( Y,,,) the corresponding intensity calculated assuming M( R ) is a constant, and A( v' ) is an overall scaling factor to be applied to the spectral emission from initial-state level v'. The requisite values of R, and l~l~k (~,,,) are readily generated from the recommended potential determined above.6 Fitting the resulting M(R,) values to a functional form will then yield an analytic representation of the radial behavior of that transition moment function. If spectra are available for emission from more than one initial-state vibrational level (as is the case here), the intensity data from all spectra must, of course, be fitted to the same radial function.
For the v' > 0 spectra of Figs. 2 and 3, the measured height of each observed intensity maximum is listed in Table IV , together with the distance R, and the intensity for that peak calculated assuming the final-state potential of Eq. (3) and a transition moment function of M( R ) =O. 1 D. The uncertainties in the experimental peak heights are assumed to be equal, in our arbitrary measurement units; note, however, that a different overall scaling factor [A( v'), to be determined from the fit] must be applied to the set of peak heights for each v'. Of course, calculated values were not generated for peaks which lie below the continuum threshold, so they were not included in the fits.
The data presented in Table IV were substituted into the right-hand side of Eq. (4) and the resulting quantities fitted to power series in R (or R,). The values of the right-hand side of Eq. (4) implied by the A( v') values yielded by a fit to a constant iW( R ) function are shown as solid points joined by dashed lines in Fig. 6 , while the constant and linear transition moment functions implied by these fits are shown as heavy solid and long-dash lines. However, the standard errors associated with linear and quadratic fits were only slightly smaller than that associated with a constant transition moment function, and the uncertainties in the linear and quadratic coefficients were > 100%. Thus, to within the accuracy of these data,21 the transition moment function for the B( 28+) +X1 (2111,2) transition is a constant on the interval from 2.9 to 3.8 A.
C. Analysis of the S(28+)+X2(2113,2) and f3(2Z+)41(2E+) spectra As discussed in Sec. III, the B(28f) -X2(211,,2) and B(22+) -+A (22+) spectra both lie in the region /z > 447 nm. Unfortunately, their overlap obscures the precise nature of their individual oscillatory behavior, and hence precludes application of the direct inversion procedure of Ref.
4. However, we have performed trial-and-error simulations of these emission spectra while varying both the parameters used to characterize the X2(21113,2) and A(22+> potential energy curves and the relative strengths of the two transition moment functions.22 The optimized simulated spectra obtained in this way are shown as solid curves in Fig. 7 , where the contributions of B(22+> +X2(2113,2) and B(2Xf> -+A (22+) transitions are shown as dot-dotdash and dashed curves, respectively. The short wavelength cutoff of each curve indicates where that spectrum would become discrete. The associated potential curves and relative transition moment strengths were obtained in the manner described below.
Although it may have a shallow van der Waals well at long range, the A-state curve is mainly repulsive, so all of the observed emission into it will yield final states which lie at energies above the potential asymptote it shares with the X2(211,,2) state. For this reason, the v' =0-2 emission straddling the associated continuum thresholds (of 457.2, 456.1, and 455.0 nm, respectively) must be due to B( 28+) -+X2( 2111,,2) transitions. Moreover, the fact that these thresholds lie approximately in the middle of the expected oscillatory patterns [see the B(28+) -+X, (2H1,2) spectra at 1~447 nm] indicates that the zero of the Xistate potential, the distance at which its repulsive wall crosses the dissociation limit, lies near the minimum of the emission, and solid curves are the sum of the two. All curves cut off at the threshold for the discrete spectra.
B-state curve. We therefore began by fixing the Morse potential D, and R, parameters for the X2( 211,,2) state at the values given in Table I , and varying its /3 value. The positions of the d =457.3 nm intensity minimum in the v' = 1 spectrum and the /2=455.8 nm maximum in the v' =2 spectrum are very sensitive to this parameter, and good agreement with the experimental peak positions was obmined for /3= 1.25( *O.O3)A;- '. This value lies slightly outside the range of uncertainties suggested by Eq. ( 1) and the spectroscopic parameter uncertainties quoted in Table  I . However, in view of the somewhat arbitrary constraint imposed by use of the Morse form and the uncertainties in the experimental data, this change is not unreasonable.
The potential energy curve for the repulsive A (22+) state has been represented by the simple exponential function (energies in cm-' and lengths in A), VA(R) =2212.56+I'e-r(R-3.g4),
where the constant defining the asymptote is the known In atom spin-orbit splitting energy. The reference length in this expression was chosen to be 3.94 A, because it is the radial positions of the outermost wave function maxima for the v' = 6 level of the B(28f) state, which the spectral decomposition of Fig. 7 shows to be responsible for the il=453.9 nm peak lying just above the continuum threshold of the v' =6 spectrum. Thus, the final-state energy defining the position of this peak in the simulated spectrum is essentially directly determined by the value of the preexponential factor r in Eq. (5), and the uncertainty (of Fig. 7 shows that in the v'=3 spectrum, the peak at jl=456.3 nm (just above the dissociation threshold) is almost solely due to B( 2Zf) -X2( 2113,2) transitions, while the one at L =464.6 nm is dominated by B(28+) -+A (28f) emission. The relative heights of these two peaks (of -2:3) therefore allow us to determine the relative strengths of these two transition moment functions. For simulated spectra based on the potential curves reported below, these results indicate that within -f 10% these two transition moment functions are of equal strength. While this simple analysis ignores the (probably non-negligible) radial dependence of these functions, it is certainly a good first approximation.
Since the intensity scale is the same across each of the v' emission spectra seen in Fig. 2 , we may also use comparisons of simulated spectra to estimate the relative strength of the transition moment function to the X1(2111,2) state. Such comparisons yielded the conclusion that, again within -f lo%, the B(28+) +X1(2111,2) transition moment function has the same strength as those for the other two transitions.
Comparison of the solid curves in Fig. 7 with the experimental results in Fig, 2 shows that our manual optimization of the four parameters /?(X,), I?, and y for the A-state, and the relative transition moment strengths, has successfully accounted for most features of the experimental spectra for ;1> 447 nm. Further refinements will require modifications of the potential form for the X2 state and allowing the transition moment functions to vary with distance. In view of the high degree of interparameter correlation, such refinements could only be realistically accomplished by a multiparameter nonlinear least-squares fitting procedure, such as that in the computer program of Ref. 6. However, in view of the modest quality of the present experimental data and the remaining uncertainties regarding the attractive wells of the X,-X2 and B-state potentials, the additional effort is not warranted at the present time.
V. CONCLUSIONS AND DISCUSSION
Oscillatory bound + continuum spectra originating in the first seven vibrational levels of the B(22+) state of InAr have been measured for the first time (see Figs.-2-4) . Analyses of these spectra have yielded improved Morse potential energy curves for the X1 (2111,2) and X2(2113,2) states, and a potential for the previously unobserved A(28f) state. We have also determined that the transition moment function for the B(28+) +X1 ( 2111,2) spectrum is essentially independent of R on the range sampled by these experiments, and that the strengths of the B(22+) --+X1(2111,2), B(22f) -X2(211,,2), and B( 2x+ ) + A ('Z+) transition moment functions are approximately equal. Our current knowledge of the potential energy curves for the three final states associated with these transitions is summarized in Table V , and illustrated in Fig. 1 .
It is important to remember that all of these results assume the validity of the Morse function model for the B(22+) state potential, which was based on the discrete spectra of Refs. 9 and 13. A full high resolution analysis of the discrete spectra of this system13 should yield a refined form for this CUNe which in turn will lead to improvements in the potentials reported herein. Subject to this consideration, the accuracies of the repulsive potential walls determined here are believed to be =!=O.Ol A for the Xi ( 2111,2) state and =!=0.03 A for the X2( 2113,2) and A( 2Z+) states.
It is interesting to note that the present analysis of the continuum spectrum confirms the choice of recommended X1 and X,-state well depths in Ref. 9. In particular, when the alternate well depth of 307 cm-' ["alternative (b)" of Ref. 91 was tried for the X2 state, it was impossible to find any combination of XZ and A-state parameters which would simultaneously account for the emission from all seven vibrational levels. Similarly, if the corresponding "alternative (b)" estimate of 179 cm-' was used for the X1 ( 2111,2) state, the inverted potential wall was in substantial discord with the potential well determined from the discrete spectra.
In conclusion, the present work demonstrates that when coupled with readily-available theoretical and computational tools,"' oscillatory continuum data of the type reported here can provide a wealth of information about intermolecular potential energy curves and transition moment functions. Thus, studies of this type promise to be a potent source of information on the repulsive potential walls which govern most energy transfer processes in simple molecules.
